The chemical thermodynamic properties of alkane isomer groups from C 4 H 10 to ClOH22 have been calculated from 200 to 1500 K from Scott's tables of 1974. The numbers of stereoisomers in each isomer group have been checked and all of them have been included in the calculations. The following properties for alkane isomer groups have been calculated with energy in joules for a standard state pressure of 1 bar: standard heat capacity at constant pressure, standard entropy, standard enthalpy of formation, standard Gibbs energy offormation, standard enthalpy relative to isomer group at 298.15 K, and standard enthalpy relative to the elements at 298.15 K. Equilibrium mole fractions within isomer groups have been calculated for the ideal gas state from 200 to 1500 K. The four basic properties are given for all the individual isomers injoules for a standard state pressure of 1 bar. The properties of individual alkanes from C 4 H lO to ClOH22 have also been calculated using the Benson group method and the resulting isomer group properties and equilibrium mole fractions have been calculated.
Introduction
When equilibrium calculations are made on organic systems with C 4 and larger molecules, the number of isomeric species which have to be included increases very rapidly with the carbon number. The seriousness of this problem is illustrated by Table 1 which shows the numbers of isomers, including stereoisomers, of the alkanes and alkenes, calculated by Read l and Nourse. z These numbers are so large for the higher hydrocarbons that it becomes impractical to put even all the known data in a calculation, and, of course, we cannot expect that the thermodynamic properties of so many species can be determined in the laboratory, or even be calculated by statistical mechanics. When the standard Gibbs energies of formation are known for all the isomers in a group, B. D. Smith 3 shows that equilibrium calculations for ideal gases can be carried out in two steps: (1) The isomers in a group are treated as a single species and the equilibrium mole fractions of the isomer groups are calculated. (2) The equilibrium mole fraction in an isomer group is distributed between the various individual species in the group. This is possible because the distribution of isomers within a group depends only on the temperature. The first step of this calculation reduces the number of components by the number of independent equilibrium relations between isomers in the group; the isomer group becomes N 1 -(N I -1) = 1 species, where N I is the number of isomers in the group. This has been done by a number of people4-9 by using the standard Gibbs energy of formation L1 rG °(1) of an isomer group. More recently it has been shown 10 how the corresponding values of C ~(I), SO(I), and.4 rHO(I) can be calculated for the isomer groups (see Sec. 2.1). Tables of these   properties for the alkene isomer groups C 4 H s , C 5 H lO , and C 6 H12 have been calculated, and extrapolation formulas for higher carbon numbers, for which data are not available, have been developed. 11 The existing data on the alkanes is complete through C1oHzz, which has 136 isomers, and on the alkenes through C 6 H 1Z , which has 18 isomers. Therefore, tables of standard chemical thermodynamic properties of these isomer groups can be prepared. Since the processing of petroleum and the production of synthetic fuels involves alkanes and alkenes of far higher carbon numbers than these, there is also the need to estimate. chemical thermodynamic properties of these higher isomer groups. A good deal of work is involved in fully taking advantage of this method, and so this research has been undertaken to make the standard chemical thermodynamic properties of alkane isomer groups readily available. These calculations also indicate the feasibility of extrapolating these isomer group properties to higher carbon numbers.
In 1940 
Standard Thermodynamic Properties of Isomer Groups

2~1. Theory
When isomers are in equilibrium, it has been known for some time 3 -9 that they can be aggregated in calculations of equilibrium mole fractions by use of the standard Gibbs energy of formation .J f G °(1) of the isomer group defined by LI ,G'(I) = -RTIn [, G; IRT) ). (I) where.4 f G ; is the standard Gibbs energy of formation of an individual isomer and N I is the number of isomers in the group, including stereoisomers. The equilibrium mole fractions rj of various isomers in a group can be calculated using rj = = cxp ( [A f(; JIRT}, ' (2) YI where YI is the sum of the mole fractions of the individual isomers. These equations can be rearranged to show more clearly the nature of the standard Gibbs energy offormation of an isomer group. 
;=1 ;=1
The standard Gibbs energy of formation for an isomer group is equal to the weighted average standard Gibbs energy of formation for the isomers in the group plus the Gibbs energy of mixing of the isomer group, assuming ideal gases. Since the Gibbs energy of mixing is necessarily negative,.4 fG °(1) is more negative, or less positive, than the weighted average standard Gibbs energy of formation given by the first term.
As can be seen from Eq. (1), ~ rG °(1) is more negative than the most negative Gibbs energy of formation in the isomer group. When standard Gibbs energies offormation of isomer groups are used to calculate equilibrium constants for reac~ tions of ideal gases the equilibrium expression is written in terms of equilibrium mole fractions of isomer groups. 10 Equation (1) provides the key for the calculation of the other thermodynamic properties of an isomer group because the other properties are obtained 10 by the usual differentiations which yield This contribution is proportional to the square of the standard deviation U H of the enthalpy of formation distribution and is, therefore, necessarily positive. If all the isomers had the same enthalpy of formation this contribution would disappear.
For the alkanes, the standard chemical thermodynamic properties for an isomer group are interrelated by ..d rG °(1) = ~ rHO(I) -T [SO(I) -nS;raphite -(n + I)S~2(g)], (9) where n is the number of carbon atoms.
Stereoisomers
To calculate the chemical thermodynamic properties for an isomer group, a term must be included for each molecular species, including stereoisomers. In the alkane series, stereoisomerism does not arise until C 7 H 16 . As pointed out by Scott,14 correlations "can provide values of properties for the many compounds that have not been studied experimentally, even ones that have never been synthesized or isolated in the laboratory." In tabulating thermodynamic properties, Scott. chose to give the properties for racemic mixtures of enantiomeric molecules by adding R In 2 to the calculated standard entropy and -RTln 2 to the standard Gibbs energy of one of the forms at each temperature. This practice has the advantage of avoiding the publication of identical lines for chiral molecules in thermodynamic tables, and so it has been followed here. It can be justified as follows: The Gibbs energy of formation ~ fG O(RS) of a racemic mixture is (10) ( 
11)
The mole fraction of the RS pair in the isomer group is twice that of either the R or the S form so that appropriate values of C; (I), S °(1), and ~ rH °(1) are also obtained using the thermodynamic properties of the racemic mixture.
Compounds are named in tables according to the IU-PAC Revised and Collected Recommendations for the Nomenclature of Organic Chemistry, 1978. 18 For example, the two forms of 3-methylhexane are represented by 3R and 3S, and the racemic mixture is represented by 3RS-methylhexane. When there are two identical chiral centers. the mesocompound has to be shown on a separate line because it has different thermodynamic properties from the other two forms. For example, the chiral forms of 3,4-dimethylhexane are represented by 3R,4R-dimethylhexane and 3S,4S-dimethylhexane, the racemic mixture is represented by 3RS,4RS-dimethylhexane, and the meso-compound is represented by 3R,4S-dimethylhexane. When there are two different chiral centers, there are two different chiral pairs. For example, for 3,4-dimethylheptane there are two racemic mixtures, 3RS,4RS-dimethylheptane and 3RS,4SR-dimethylheptane. The molecule 3,4,5-trimethylheptane has a pseudoasymmetric atom and requires the use of the lower case symbols rand s.·The publication on Nomenclature of Organic Chemistry18 defines a pseudoasymmetric atom as one bonded tetrahedrally to one pair of enantiometric groups ( + ) -a and ( -) -a and also to two atoms or achiral groups band c that are different from each other. For substances with two chiral centers, Scott also provided tables for equilibrium mixtures of the stereoisomers, but we have not used these tables.
Recently, Nourse 2 has programed a computer to print out the structural formulas of the alkanes and identify the numbers of stereoisomers for each structural formula. The numbers of asymmetric centers and isomers of the alkanes are shown in Table 2 . The total number of isomers is equal to the number of structural formulas, plus the number of structures with one chiral center, plus two times the number of structures with two identical chiral centers, plus three times the number of structures with two different chiral centers. The use of Nourse's calculations revealed two errors in Scott's table.
Scott did not identify 3-ethyl-2-methylhexane as having a chiral center, and so R In 2 has been added to each standard entropy and -R T In 2 to each standard Gibbs energy offormation. Scott does not provide two tables for 4-ethyl-3-methylheptane; two tables are required since this molecule has two different chiral centers. In calculating thermody- namic properties, the assumption has been made that the two diastereomeric pairs of this structure have the same properties. Examination of the other eight diastereomeric pairs showed that the error introduced in this way is not significant. In tables listing individual isomers, abbreviated names of the type developed by Somayajulu and Zwolinski 19 have . .been used. Methyl is represented by m, ethyl, bye, n-propyl by p, and iso-propyl by ip. The last number is the number of carbon atoms in the longest chain.
Input of Data and Calculations
The calculations in this paper were made using terminals connected to the IBM 370/168 in the MlT Computer Center. Programs were written in APL and tables were printed on a Xerox 8700 printer in the Computer Center. The values ofC;, SO,.d fHo, and.d fGo in the Scott tables for individual alkane species and racemates were typed in and were checked in the process and later in printouts. In view of the opportunities to introduce errors, two additional types of checks were made: (1) .Computer programs were written to calculate first and second differences per lOOK for each species. The second differences provided an especially sensitive method for error detection. (2) A computer program W3;S written to calculate.d r G °(1) from.J rH (I) and S °(1) using Eq. (9). In the final tables no value of .dfGO(I) deviates from the value calculated in this way by more than the uncertainty indicated by Scott.
The following corrections have been made to the Scott table. Table 62 for 3RSe2m6: R In 2 has been added to each standard entropy and -R T In 2 to each standard Gibbs energy of formation because of the chiral center. Table 117 for 4RSe3RSm7: Since the table for the other diastereomeric pair 4RSe3SRm7 has been omitted, Table  117 has been used for both.
The following errors were identified from printouts of first and second differences; the changes make the first and second differences change in a smooth way. Table 180 for 3e234mmm5: So at 1100 K was changed from 234.0 to 240.0 cal K -1 mol-I. Table 59 for 3R5Smm7: So at 700 K was changed from 117.9 to 177.9 cal K-1 mol-I. to 147.0 cal K-1 mol-I.
Tables of Standard Thermodynamic Properties of Alkane Isomer Groups
The standard thermodynamic properties of the alkane isomer groups for the ideal gas state from C 4 H lO to ClOH22 have been calculated from the tables prepared by Scott 15 after making the corrections described in the preceding section .. Since the International Union of Pure and Applied Chemistry has recently recommended that thermodynamic data be given in SI units for a standard state pressure of 1 bar (lOS Pal, this has been done for the tables in this article. The change in standard state pressure from. 1 atm to 1 bar does not affect C; and.J fH 0, but the standard entropy of an ideal gas is increased by R 1n(1.013 25) = 0.109 J K-1 mol-1 at any temperature and the standard Gibbs energy of formation is reduced by [RTln(1.013 25) ]8, where 8 is the net increase in moles of gas in the formation reaction. 20 It is important to emphasize that all calculations in this paper are for ideal gases.
The standard thermodynamic properties C~(I), SO(I), .J fHO(I), and.J rGO(I) for alkane isomer groups are given in Tables 3-6 along with calculations of the increments in going from one carbon number to the next. These increments provide a basis for the extrapolation of standard thermodynamic properties of alkane isomer groups to higher carbon numbers. In a general way, we would expect these increments to approach constant values as the carbon number increases at constant temperature. The increment in the standard enthalpy of formation at 298.15 K is of special interest because of the variety of homologous series for which it is known. Cox and Pilcher o point out that the increment in .J fHo (298.15 K) of -20.62 kJ mol-1 found by Prosen and Rossinj21 for the n-alkanes from C 6 H14 to C 12 H 26 has come to be regarded as a "constant of nature" because it satisfactorily fits the experimental data for the higher members of the series of n-alk-l-enes, n-alkylbenzenes, n-alkylcyclopentanes, and n-alkylcyclohexanes. However, the increments per carbon atom tor the four basic thermodynamic quanti- With regard to the uncertainties in the statistical mechanical correlations, Scott has rounded to the number of decimal digits appropriate to the accuracy. However, he points out that as a matter of practical convenience a uniform pattern of rounding and subscripting was used throughout the tables. This means that the rounding may be overly conservative for the lower alkanes and may attribute· undue accuracy to the values for the most highly branched decanes, for which no calorimetric data exist. We have followed Scott's indicated accuracy as closely as possible. Table 8 were not calculated directly from Scott's tables since they can be calculated . from..1 rHO(I) and values of HO -HO(298.15 K) for graphite and hydrogen gas.
Equilibrium Mole Fractions Within Alkane Isomer Groups
The equilibrium mole fractions within isomer groups calculated from Scott's standard Gibbs energies of forma-J. Phys. Chem. Ref. Data, Vol. 13, No.4, 1984 tion are given in Table 9 . Since the uncertainties in..1 rGO (I) and L1 rG; are about the same, the uncertainty in the difference is nearly independent of the relative values of the two parameters, but the uncertainty in the difference does increase with temperature. Since the nearly constant uncertainty is in the exponent in the calculation, the equilibrium mole fractions of the isomers at a given temperature are uncertain by the same factor, whether they are large or small. The usual equation for the propagation of variance indicates that the equilibrium mole fractions are uncertain by about 15% at the lower temperatures and 10% at the higher temperatures. This makes it difficult to indicate the uncertainties in the table.It could be done by using exponential notation, but this makes it difficult to compare the mole fractions of various isomers. Table 9 shows that in general the more highly branched isomers have very low eqUilibrium mole fractions at any temperature. The isomers with more methyl groups and more opportunities for steric hindrance have more positive standard Gibbs energies of formation. At higher temperatures, these differences are not so pronounced, reflecting the fact that the statistical mechanical entropies are more similar than the enthalpies of formation. However, 22mm3, 22mm4, 22mm5, 22mm6, 225mmm6, and 2255mmmm6 present striking exceptions to these generalizations. Since the calculated equilibrium mole fraction of the decane 2255mmmm6 is 0.86 at 200 K, we made some additional calculations using the properties of 224RS5mmmm6 (with the entropy of mixing and Gibbs energy of mixing removed) replacing Sc<?tt's values for 2255mmIIUll6. With these new values, 2255mmmm6 had an equilibrium mole fraction of 0.012 at 200 K and 0.0006 at 1500 K, and 226mmm7
(vi = 0.52) and 225RSmmm7 (vi = 0.26) became the most abundant species at 200 K. However, as Professor Kenneth S. Pitzer pointed out to me, 2255mmmm6 is di-neopentyl which does not have much strain because the neopentyl groups are so far apart. In general, mUltiple branching introduces strained structures, but in this case the strain is modeled accurately by neohexane (22mm4) which is quite stable relative to the other hexanes at low temperatures. The stability of di-neopentyl and of other species referred to earlier in this paragraph at low temperatures is confirmed by calculations using the Benson group method, which are described in the next section. The values in Tables 3 to 9 have all been calculated using Scott's values. 16 Since the heat of combustion has not been determined for 2255mmmm6, it certainly would be desirable to obtain experimental data on this species to determine how low its standard enthalpy offormation is. .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 3e223mmm5 .0000 .0000 .0000 .0000 ' .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 3RSe224mmm5 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0001 .0001 .0001 .0001 .0001 .0001 3e234mmmS .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 22334mmmmmS .. 0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 22344mmmmmS .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000
Estimation of Thermodynamic Properties of Alkane Isomer Groups Using the Benson Group Method
Group additivity methods have been quite useful for estimating chemical thermodynamic properties, and Benson and co-workers have calculated group values involving many elements and have extended the method to include non-next-nearest neighbor corrections. 23 ,24 It is therefore of interest to calculate the thermodynamic properties of alkan.e is,2mer groups using the Benson method for comparison with the values calculated from the Scott tables. Since Benson gtves values for the contributions to the heat capaCIty ffOm 300 to 1500 K, his method lias been used to calculate standard thermodynamic properties for the temperature range llsed b Scott even thou h the values rna not be as re . able at 200 K.
-In order to ~ake these calculations, the structure of each ~ne· species must be examined to divide it into c-(HQc),c=(H)~(Ch, C-(H)(Ch, andC-(C)4 groups ana-to determine the total symmetry number, number of opucal isomers, number of alkane auche corrections and 1,5H re.. pu Slums. Th~gruup assigIlIIl~Ilts w~r~ ch~cked by matrix multiplication to be sure they accounted for the correct each isomer the sum of the contributions to.L1 fH ;98' S :t 298 , C~300' C~400' C~SOO' C~600' C~800' CP1OOO ' and C~lSOO' This matrix is the input to the following four programs: 1. CAPACITY. This program fits the heat capacities by least squares for each isomer to the equation
and then uses these parameters to calculate C ~ for each isomer at the desired temperatures.
2. ENTROPY. This program uses the a, /3, and r parameters calculated in CAPACITY to calculate the standard entropy at the desired temperature using
where TSN is the total symmetry number and OPT is the number of optical isomers (lor 2). 
ylpentane). In calculating symmetry numbers, we haye been aSsisted by ~ report by Davies, Syverud, and Steiner,zs . The numbers of gauche corrections to be applied to the various alkane isomers were obtained as follows: The usual zig-zag formulas were written for the backbone structure and the branches were added. Each bond not connected to a carbon in a methyl group was examined to see the nature of the bonding of the carbon atoms at each end of the bond. If the carbons at each end are each bonded to just one more carbon atom, the number of gauche corrections for that bond is zero. Thus there are no gauche corrections for n-alkanes. If the carbon atom at one end of the bond is bonded to two other carbon atoms and the carbon atom at the other end of the bond was bonded to one other, the number of gauche corrections is one. An example is 2-methylbutane. If the carbon atoms at both ends of the bond are bonded to two additional carbon atoms, the number of gauche corrections is 2. An example is 2,3-dimethylbutane. If the carbon atom at one end of the bond is bonded to three other carbon atoms and the carbon atom at the other end of the bond is bonded to one other, the number of gauche corrections is 2. An example is 2,2-dimethylbutane. If the carbon atom at one end of the bond is bonded to three other carbon atoms and the one at the other end of the bond is bonded to two, the gauche correction is 4. An example is 2,2,3-trimethylbutane. If the carbons at both ends of the bond are bonded to three other carbons, the gauche correction is 6. An example is 2,2,3,3-tetramethylbutane. The gauche correction for a molecule is the sum of these numbers for the molecule. All the assignments of groups and corrections were made by two people independently.
The matrix of numbers of contributions is then matrix multiplied by a matrix of the Benson values to obtain for (14) to calculate.L1 fHo for each isomer at the desired temperatures. The quantity.L1 fH ~ is simply a parameter in this equation and is not to be interpreted literally.
4. GIBBS. This program uses the results of the preceding two progams plus values of So for graphite and hydrogen at the various temperatures to calculate.L1 fG o for the various isomers at these temperatures using Eq. (9).
The outputs of these four programs are combined in the computer to obtain tables for C~, SO,.L1 fHo, and.L1 fG o for each isomer with rows for 200,273.15,298.15, 300,400, 500, 600, 700, 800,900, 1000, 1100, 1200, 1300, 1400, and 1500 K.
The standard thermodynamic properties of the alkane isomer groups calculated using the Benson parameters are given in Tables 10 to 13 In addition the mole fractions r i of the individual species within isomer groups were calculated using the Benson parameters, and the results are given in Table 14 . This method also indicates that 2255mmmm6 is quite stable at low temperatures.
The isomer group values calculated using the Benson method have been rounded in the same way as the values calculated from Scott's tables. Benson 24 states that the values of C; and So estimated using his group values are on the average within ± 1.2 J K -1 mol-1 of the measured values, and.J. fHo and.J. rGo are within ± 2 kJ mol-I. However, he points out larger errors may be encountered for heavily substituted species. .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000
Discussion
The values of standard thermodynamic properties of isomer groups calculated here may be used. in predicting equilibrium compositions of organic systems at temperature and catalyst conditions where isomers in an isomer group are in equilibrium. If a certain catalyst does not equilibrate all isomers in a group, then the isomer group thermodynamic properties to be used should be calculated by using the properties of only those isomers which are equilibrated. However, the exclusion of highly branched isomers (which in general have very low equilibrium mole fractions) will not have much effect on the calculated isomer group properties, especially at higher temperatures.
The fact that the increments per carbon atom in the V:lrlOUS standard thermodynamic properties for isomer groups approach constant values at higher carbon numbers indicates that extrapolations can be made to higher carbon numbers, but these extrapolations must be tempered by the experimental uncertainties. As the carbon number increases, the equilibrium mole fractions of individual molecular species become of less interest because there are so many of them and because gas chromatographic analytical methods yield mole fractions of isomer groups, rather than individual isomers, at higher carbon numbers. More experimental data is needed on certain highly branched alkanes such as 2255mmmm6 to provide a sounder basis for statistical mechanical correlations of thermodynamic properties and for improvements in Benson group values and non-next-nearest neighbor corrections. In view of the geometric increase in the number of isomers with carbon number, it will also be important to seek opportunities to obtain chemical thermodynamic properties of isomer groups at higher carbon numbers directly frbm chemical equilibrium data. 
C~(I)
HO(I,T)-HO
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Appendix: Standard Thermodynamic Properties of Individual Alkane Species
Since tables of standard thermodynamic properties in joules for a standard state pressure of 1 bar have been used to calculate the isomer group properties, the four basic properties from the Scott tables, as corrected, are given in Tables  AI-A4 . The standard heat capacities at constant pressure are all zero at 0 K. The standard entropies at 0 K are zero for single species, but are equal to 5.77 J K -1 mol-1 for racemates. The standard enthalpies of formation at 0 K are not the.d fH~ parameters from Eq. (14), but are the ideal gas values calculated by Scott. .0 -'5~L 4 -2!'iRR -,r;7.~ -?5S.2 :-"!'i" 7 4m7 -163. .5 -2t):.i.6 -2t)9. 4 -263.2 -265.1 -266.5 -266.b -264.8 -262.8 -260.2 -256.5 33mm6 -168.9 -206.0 -220.5 -220.8 -233.1 -242.7 -249.8 -254.8 -257.7 -259.4 -259.0 -257.7 -255.2 -251.9 -247.7 -242.7 3RS4RSmm6 -159.4 -196.4 -212.0 -212.3 -225.5 -236.0 -243.9 -249.8 -254.0 -256.5 -257.3 -257.3 -255.6 -253.6 -251.0 -247.3 3R4Smm6 -159.6 -196.6 -212.0 -212.3 -225.4 -235.8 -243.9 -249.8 -253.6 -256.1 -257.3 -256.9 -255.6 -253.6 -250.6 -247.3 3e2m5 -161.6 -198.1 -212.3 -212.5 -225.0 -235.2 -243.1 -248.9 -253.1 -255.6 -256.5 -256.5 -255.2 -253.6 -250.6 -247.3 3e3m5 -162.8 -199.8 -214.6 -214.8 -227.4 -237.5 -245.2 -250.6 -254.0 -255.6 -255.6 -254.4 -251.9 -248.9 -244.8-239.7 223RSmmm5 -168.0 -205.8 -220.9 -221. 2 -234.0 -244.1 -251.5 -256.9 -260.2 -261.9 -261.5 -259.8 -256.9 -253.1 -248.5 -243.1 224mmm5 -172.5 -210.4 -225.0 -225.2 -237~9 -247.9 -255.2 -260.7 -264.0 -265.3 -264.8 -263.2 -260.2 -256.5 -251.5 -245.6 233mmm5 -165.1 -202.9 -218.0 -218.2 -230.9 -240.9 -248.1 -253.6 -256.5 -257.7 -257.3 -255.6 -252.7 -248.5 -243.9 -238.1 234mmm5 -163.9 -201.8 -216.4 -216.6 -228.9 -238.8 -246.4 -251. 9 -255.2 -257.3 -257.3 -256.9 -254.8 -251. 9 248.1 -243.5 2233mmmm4 -172.6 -211.0 -225.7 -226.0 -238.1 -248.8 -256.1 -261. 1 -264.0 -264.4 -263.2 -260.7 -256.1 -250.6 -243.9 -236.4 nonanes 9 -177.1 -213.3 -228.9 -229.2 -243.5 -255.2 -264.4 -271.1 -.276.1 -279.5 -281.6 -282.4 -282.4 -282.0 -280.7 -279.1 2m8 -181.6 -219.8 -235.8 -236.1 -250.3 -261. 8 -270.7 -277.4 -282.0 -284.9 -286.2 -286.6 -286.2 -284.9 -282.8 -279.9 3RSm8 -178.7 -217.2 -233.3 -233.6 -247.9 -259.5 -268.6 -275.3 -279.9 -282.8 -284.5 -284.9 -284.1 -282.8 -280.7 -278.2 .. R$mD 170. 7 -217." 203.5 -200.0 -240.0 -250.5 -260.2 -27".0 -279.5 -282." -2130.7 -20".1 -203.7 -282.0 -279.9 -277.4 3e7 -177 .2 -215.4 -231.0 -231.3 -245.4 -257.0 .. 266.1 -272.8 -277.4 -280.7 -282.4 -282.8 -282.4 -281. 2 -279.1 -276.6 4e7 -177.2 -215.7 -231.2 -231. 5 -245.5 -256.9 -265.7 -272.4 -277.0 -279.9 -281.6 -282.0 -281.6 -280.3 -278.2 -275.7 22mm7 -190.5 -230.3 -246.2 -246.5 -260.5 -271.6 -279.9 -286.2 -290.0 -292.0 -292.0 -291.2 -289.1 -285.8 -282.0 -277.0 23RSmm7 -178.7 -218.8 -235.5 -235.8 -250.2 -261.8 -270.7 -277.4 -281.6 -284.5 -285.8 -285.8 -284.5 -282.4 -279.9 -276.1 24RSmm7 -184.2 -224.8 -240.7 -241.0 -254.4 -265.1 -273.2 -279.1 -282.8 -285.3 -286.2 -285.8 -284.1 -282.0 -279.1 -275.3 25RSmm7 -183.1 -223.5 -240.1 -240.4 -254.8 -266.3 -275.3 -281.6 -286.2 -28B.7 -290.0 -290.0 -288.7 -286.6 -284.1 -280.3 26mm7 -186.0 -226.2 -242.6 -242.9 -257.0 -268.3 -277.0 -283.3 -287.4 -290.0 -291.2 -291. 2 -289.5 -287.4 -284.5 -281.2 33mm7· 184.7 -225.1 -241.1 -241.4 -255. f -266.0 -274.1 -279.9 -283.7 -285.3 -285.3 -284.5 -282.0 -278.7 -274.5 -269.9 3RS4SRmm7 -175.3 -215.9 -232.8 -233.1 -247.4 -258.9 -267.8 -274.1 -278.2 -28.1.2 -282.0 -282.0 -280.7 -279.1 -276.1 -272.8 3RS4RSmm7 -175.1 -215.8 -232.8 -233.1 -247.6 -259.1 -267.8 -274.5 -278.7 -281.2 -282.4 -2B2.4 -281.2 -279.1 -276.1 -272.8 3RS~RSmm7 -181.3 -222.0 -238.2 -238.!5 -2!52.3 -2l53.4 -272.0 -278.2 -282.4 -284.9 -280.8 -28!5.8 -284.~ -282.4 -27!!1.5 -270.7 3R5Smm7 -181.6 -222.1· -238.1 -238.4 -252.0 -263.0 -271.5 -277.8 -282.0 -284.5 -285.3 -285.3 -284.1 -282.0 -279.1 -275.3 44mm7 -184.6 -225.7 -241.7 -242.0 -255.2 -265.5 -272.8 -278.2 -281.6 -282.8 -282.8 -281.6 -278.7 -275.3 -271.1 -266.1 3RSe2m6 -177.2 :'216.7 -233.1 -233.4 -247.1 -258.4 -266.9 -273.6 -278.2 -280.7 -282.0 -.282.0 -281.2 -279.1 -276.1 -272.8 4e2m6 -182.8 -222.9 -238.2 -238.4 -251.8 -262.7 -271.1 -277 . .4 -281.2 -284.1 -284'.9 -284.9 -283.3 -281. 2 -278.2 -274.9 ~ .. ~mR -17A_~ -~H9.!'i -"!1~_7 -'! 1R_O -249.7 -260.4 -268.2 -274.1 -277.4 -'79.5 -279.5 -278.2 -276.1 -272.8 -268.6 -263.6 3e4RSmf; -173.9 "214.5 -230.4 -230.7 -244.5 -255.8 -264.4 -271. 1 -215.7 -278.7 -279.9 -279.9 -278.7 -277.0 -274.1 -270.1 223RSmmm6 -183.8 -225.2 -241.8 -242.0 -256.1 -267.3 -275.7 -281.6 1'285.3 -287.0 -287.0 -285.8 -282.8 -279.1 -274.5 -269.0 224RSmmm6 -185.4 -227.0 -243.3 -243.6 -257.7 -268.9 -'277.4 -283.3 -287.0 -288.7 -288.7 -287.4 -284.5 -280.7 -276.1 -270.3 225mmm6 -194.7 -236.4 -252.9 -253.2 -267.4 -278.8 ,.287.4 -293.3 -297.1 -298.7 -298.7 -297.5 -294.6 -290.8 -286.2 -280.7 233mmm6 -1BO.8 -222.6 -239. f -239.4 -253.0 -263.1 -271. 5 -277.0 -280.3 -281.6 -281. 2 -279.9 -276.6 -272.8 -267.8 -261. 9 23RS4SRmmm6-176.4 -217.9 -234.1 -234.4 -248.0 -259.0 -267.4 -273.6 -277.4 -279.9 -280.3 -279.9 -277.8 -274.9 -271. f -266.9 23RS4RSmmm6-176.0 -217.7 -234.3 -234.6 -248.4 -259 ; 4 -267.8 -274.1 -277.8 -279.9 -280.7 -279.9 -277.8. -275.3 -271.5 -266.9 23RS5mmm6 -184.0 -226.0 -242.5 -242.8 -256.6 -267.6 -275.7 -282.0 -285.8 -287.9 -288.3 -287.9 -285.8 -282.8 -279.1 -274.5 244mmm6 -182.4 -224.3 -240.5 -240.8 -254.6 -265.4 -273.6 -279.1 -282.4 -284.1 -283.7 -282.0 -278.7 -274.9 -269.9 -264.0 334RSmmm6 176.6 -218.3 -235.2 -235.5 -249.4 -260.2 -268.2 -274.1 -277.4 -279.1 -278.7 -277.0 -274.1 -270.3 -265.3 -259.4 ~~ooS -172.8 -21.4.6 -2~0.0 -230.~ -242.0 -264.8 -26~_2 -260.0 -27~.2 -27!5.~ -276.7 -274.0 -272.4 -"R~L4 -"R~_3 -260_7 3e22mm5 -172.9 -214.5 -231.3 -231.6 -246.3 -258.0 -266.9 -273.2 -277.4 -279.5 -279.5 -278.7 -276.1 -272.4 -267.8 -262.3 3e23mm5 -174.0 -215.5 -231.9 -232.2 -246.0 -256.9 -265.3 -271." -274.5 -276.6 -276.1 -274.9 -272.0 -268.2 -263.2 -257.7 3e24mm5 -168.6 -210.5 -227.1 -227.3 -241.6 -253.1 -261.9 -268.2 -272.8 -275.3 -275.7 -275.3 -273.6 -270.7 -267.4 -263.2 2233mmmm5 -178.4 -220.7 -237.1 -237.4 -251.0 -261'.8 -269.4 -274.9 -277.4 -278.2 -277.0 -274.5 -269.9 -264.0 -257.3 -249.4 223RS4mmmm5-175.6 -218.2 -235.1 -235.3 -249.6 -260.8 -269.0 -27-4.9 -278.7 -279.9 -279.5 -277.8 -274.5 -269.9 -264.4 -257. Table A3 continued   0  200 298.15  300  400  500  600  700  800  900  1000  1100  1200  1300  1400  1500 decanes 10 ~192.7 -232. .() -305.4 -304.2 -3()2.5 -300.0 -29EL5 4RSe3SRm7 -189. .!t;;l.1:1 -252.3 -267.4 -2-'1:1.6 -2~ij:1 -:l!:fl:j.4 ·;;JUO.U -302. 340"'';;
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-iRA· ~ -.,~., II -249.9 -240. i -'2S'1_S -2715. :::!:::!33mmmmG -194.1 -240.4 -269.3 -269.6 -273.3 -294.9 -292.9 -209.7 -301.7 -302 .5 -001.2 290.7 -2')4.1 -299.7 -291.6 273.0 223RS4RSmmmm6 -187.9 -234. 4 -252.8 -253.2 -268.7 -281.0 -290.4 -296.6 -300.8 -302.5 -302.5 -300.8 -297.5 -292.9 -287.4 -281.2 223RS4SRmmmm6 -187.6 -234.2 -252.9 -253.3 -269.1 -281.5 -290.8 -297.5 -301. 2 -303.3 -302.9 -301.2 -297.9 -293.7 -287.9 -281.6 223RS5mmmm6 -'204.7 -251. 3 -269.3 -269.7 -284.7 -296.6 -305.4 -311.7 -315.1 -316.7 -316.3 -314.6 -311.3 -306.1 -300.8 -294.6 2244mmmm6 -193.3 -239.8 -257.1 -257.5 -272.3 -2S4.0 -292.5 -298.3 -301. 2 -302.5 -301.2 -298.3 -293.7 -287.9 -281.2 -273.2 224RS5mmmm6 -200.7 -247.5 -266.0 -266.4 -282.1 -294.6 -303.8 -310.5 -314.6 -316.3 -316.3 -314.6 -311.3 -306.7 -301.2 -294.6 2255mmmm6 -219.0 -265.6 -283.8 -284.1 -299.9 -312.4 -321.7 -328.0 -331. 8 -333.0 -332.6 -330.1 -325.9 -320.5 -314.2 -306.7 2334RSmmmm6 -188.5 -234.8 -252.6 -252.9 -267.4 -278.6 -287.0 -292.5 -295.8 -297.5 -296.6 -294.6 -290.8 -286.2 -280.3 -273.6 2335mmmm6 -194. f -240.9 -259.1 -259.4 -274.6 -286.5 -295.4 -301.2 -305.0 -306.7 -305.9 -303.8 -300.4 -295.8 -290.0 -283.3 23RS44mmmm6 -184.1 -230.8 -249.4 -249.7 -265.1 -277.1 -286.2 -292.0 -295.8 -297.5 -297.1 -295.0 -291.6 -287.0 -281.2 -274.9 23RS4RS5mmmm6 -192.3 -238.9 -256.6 -257.0 -271.6 -283.2 -292.0 -298.3 -302.1 -304.2 -304.6 -303.3 -300.8 -297.1 -292.5 -287.4 23R4S5mmmm6 -193.1 -239.4 -256.6 -256.9 -271.1 -282.5 -291. 2 -297.5 -301.7 -303.8 -303.8 -302.9 -300.0 -296.6 -292.0 -286.6 3344mmmm6 -184.1 -:230.3 -248.4 -248.7 -263.4 -274.8 -2B3.3 -288.7 -291.6 -292.5 -291.2 -288.3 -283.7 -277.8 -271.1 -263.2 31p24mm5 -191.2 -238.2 -256.1 -256.4 -271.8 -284.0 -293.3 -300.0 -304.2 -306.3 -306.7 -305.9 -302.9 -299.6 -295.0 -290.0 33ee2m5 174.2 -220.1 -239.0 -239.4 -255.5 -268.3 -277.8 -284.9 -289.1 -291.6 -292.0 -290.8 -288.3 -284.9 -280.3 -274.5 3e223mmm5 -175.2 -221.7 -241.0 -241.3 -257.4 -210.1 -279.5 -285.8 -289.5 -290.8 -290.0 -287.4 -283.3 -278.2 -271.5 -264.0 3RSe224mmm5 -179.8 -226.5 -245.1 -245.4 -261.4 -274.1 -283.7 -290.4 -294.6 -296.6 -296.6 -295.4 -292.0 -287.9 -282.4 -276.1 3e234mmm5 -175.4 -222.0 -240.9 -241. 2 -256.9 -269.1 -278.2 -284.5 -288.3 -290.0 -289.5 . -287.9 -284.5 -279.9 -274.5 -267.8 22334mmmmm5 -178.3 -225.6 -243.8 -244.1 -259.3 -271.0 -279.5 -285.3 -288.3 -289.1 -287.4 -284 .1 -219.1 -272.8 -265.3 -256.5 22344mmmmmS -180.7 -228.0 -245.9 -246.3 -261.5 -273.5 -282.4 -288.3 -291.6 -292.5 -291.2 -288.3 -283.3 -217.0 -269.4 -261.1 
